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ON FORECASTING THE ANNUAL gYCui OF CRITICAL TONOSPHERE

FREQUENCIES AND MAGNETIC STORMS

G. Mo Bartenev

Presented by academiclan B, A. Vvedenskiy.

The numerous observations of the eritical frequencies and the

actual altitudes of the ionosphere during the course of ‘the current

1l-year cycle of solar activity make it possible to draw conclusicns

on the character of the variation in the ionmization of the atmos-
pheric layers during the course of the annual periods The ultimate
object of this paper is to obtain computational formlae for fore=

casting the eritical frequencies, as well as the number of magnetic

storms, during which the quality of radio commnication considerably

deteriorates or is even completely interrupted.

Thanks to the large nurioer of observations, it may now be

considered as established that the ionization of the & and F1 layers

is primarily due to the ul raviolet rays of the sun, except in cases

of abnormal sporadic ionization, which remains unchanged during the

course of the night, when the influence of ultraviolet radiation is

excluded.
According to Chapman's law [l] , for a layer of the atmosphere

1onized by monochromatic radiation of the sun, the critical frequency

of the ionized layer at noon varies with the zenith angle of the sun

in the following ways:

£

cy

L.

A cos® B

i

where A is a constant
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mais law satisfactorily descrlbes the variations in the diur-
nal. and seasonal lonlzation of the E and Fl layers, bt the behavior
of the F2 layer is not entirely gubject to Chapman's law, This has
been shown by lonosphere observations made at Huancayo, Peru [a] s
and also ab Washington and Watheroo, Uoteru, published in the invesm

tigations of Berkner and Wells [3] .

The Lonlzation of the F? layer at noon in the northern hemis-

phere is less in midsummer than in winter, in December, when accords

ing to the law cos # ¢ the ionlzation in June

should be greater, since the zenith angle of the sun is less at this

time,

In midswmer the density of ionization in the F2 layer is
lower at noon than at 1000 hours, and there is a second maximum at
1800 to 2000 hours, Thus instead of a single noon maximum there
are 2 maximaj this indicates that more than a single cause is respons=

sible for the ionization of the 1?‘2 layex,

Before the session of the International Scientific Radio Unitw
in September, 193k, Appleton suggested that the cause of this ano=
maly might be found in the considerable variation in the molecular
temperature of the higher layers of the ionosphere. In consequence
of the low molecular density of the air at the albitude of the F2
layer, a considerable heating of the medium by the solar radiation

may be assumede

Appleton and Naismith [l suggest that as a result of this

heating, the altitude of the uniform atmosphere H is increased, since
g Rl
"3
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where T Ls the ehsolute molecular temparature, kK 13 Boltzmann'ts conse

tant, m is the mean molecular mass, and g the acceleration of groavitys

This reduces the densilbty p in the reglon where maxcnun Lo

nization takes place, sinee according Lo Chapman

- cos K
e == ©

where A is the absorpbion coefficient of radiation, x is the zenith

distance of the sun, determined by the expression

cos %= 81 8 cos ©+Cos $ soin6cosd

@)

8 is the worth declination of the sun, 9 is the zenith angle ,@

is the local time after noon, expressed in radian$ m_tSec or

the longitude of the poinb, measured towards the east from the noon

meridian ab the moment of time b (time in seconds) that is

36,400 2 .
t =g = a7 107 @ (5)

whence

& = 075 10"

The reduction in P the density of the atmosphere, produced

by the heabting, reduces the maximum electron density me , since

the full jonization sttained at each definite level is now distrie

buted over a greater thickness H of the ionize
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The reduction in the noon lonization in midsummer is attributed by
Appleton and Naiemlith to this clreumstance [51].

Simtaneous and coordinated studies of lonization in the
northern hemlsphere (Washington, @ =39° N) and the southern hemis-
phere (Watheroo, @ =30° 8), conducted by Berkner and Wells [L],
demonstrated the untenabllity of the hypothesls seeking to explain
the summer behavior of lonization in the F2 layer by the heating of

the lonosphere,

According to the observations at Washington and Watheroo,
located almost symmetrically with respect to the equator, no summer
effect on ionization of the F2 layer 1s observed., The summer efe
fect in the northern hemisphere proves to be general and simultansous
throughout the entire earth, and is thus observed in the southern
hemisphere in winter, when the possibility of applying the heating

hypothesis is excluded,

Moreover, according to the theory of Appleton and Naismith,
the ratio of summer lonization density Ns to that in winter Nﬁ is

equal to

!
N\f _ Sln(9+8) Tw>12- 2

N, [sm -8 T (6)

Here TW and Ts are the winter and summer molecular tempera-
vures, taken as proportional to the electron temp: rature, On ap-

plyhg this expression to the Washington observations, we obtain a
T

o |
I
Tt

ratio of the summer molecular temperature to the winter, i.e,

equal to 300, while according to the Watheroo observations this

ratio is 2, Thus the temperature in the ionosphere over Washington
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wWould be roughly 150 times higher than in the ionosphers over D

theroo, which 18 improbables

The lonesphere observations at Weshington and Watheroo, con=
dueted by Berkner and Wells from 1933 to 1937 make 1t possible to
peach the conclusion that there 1s an additional jonlzing component,
of period equal to one year, with a Decembel maximm, and moving in
phase for both hemispheres of the earthe This component has so greab

an amplitude that the seasonal variations in the jonosphere are coin=

pletely maskede

Megacycles
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[A11 months apply to each year)

Figure L
on the basis of the same experimen'bal material from 1934 to

1938, Te Le Bekersley (5] held the detailed analysis of the F, layer

ionization curves conducted by Berkner and Wells, disassociating

and turned his sttention to the circumstance that in winter there
18 nob one maximum but two, which are apprecilably advanced towards

the equinoxes (Figure 1)e
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Tn the course of his own detalled enalysis, Dckevsley came
to the conclusion thab there Ls also a half-year period in the lo=-
nization of the F2 layer, due to the existence of active mones on
the sun (at the average 1atitude of * 189 at the time of the maxl=
mum) and to the fact that the sun's axis of rotation is inclined
to the plane of the ecliptice In consequence of this, the earth
on its orblt passes on 5 March and 7 September through those seclors
most subject to solar radiations, and, conversely, passes in June
and December through those sectors of its orbit that are least Sube

ject to solar radiation.

The exlstence of more complete experimental data than those
at the disposition of Berkner and Wells, and 1likewlse of Eckersley
and others, now allows development of the work cormenced by them
up to the 1imit at which it will be possible to obbain computational
pormulae for forecasting the optimum frequencies of radio comminim

catione

Tf the results of the sonosphere observations made at Washe
ington from 1933 to 1915 are represented on a diagram flcp = Q (t),
we obtain the curves shown on Figure 2, This figure shows the be~ i el
havior of the critical frequencies for the E and F2 layers, day and
night, during the course of eacl monbth and year of the ll-year cyeles

and in addition the flat curve characterizes the mean annual values

1 fbdc : -d ~M i
of the critical frequencies Ip » £ Ty sz and f ¥y ¢ As may i
be seen from the curve of noon values for the critical frequencies '

f-; of the F, layer, the peculiarities noted by Berkner and Wells,

7 2
2
and likewise by Eckersley and others, in the pehavior of the noon

i
X
i
i

critical values are of systematic character 'bhr&’ghout the entire

1l-year cycle, which permits us to speak with great confidence of the

S ———

i
L ' !
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causes that produce variation in the march of the critilcal Irequerns
cles, Eokersley [5] has exprossed the opinion that the causes pro=
duelng these variations do not depend on the number of sunspots and
have no connection whatever with any of the solar radiations, If
the cause of the anmial effect were the ultraviolet radistion of
the sun, it would only be observed by day, but if it were due to
canges not depending on the sun, and arising, for example, in stel-
lar radiation, then the maximm effect would obviously be determined
not by solar time but by sidereal time, Thus besides the noon maxm
imum in December and Jamusry - for the norbhern henisphere - there

should also be a nocturnal meximum in Jure and July,
[See Figures 2 and 3 on next page]

Eckersley confirmed this opinion of his by the observations
of the march of nocturnal ionization of the F2 layer made at Tokio
and published in the paper of Maeda, Tukada and Kamochida [6]

(Figure 3),.

The observations of the Japanese were quantitatively inades
quate to dispose definitely of the discussion provoked by Eckersley's
hypothesis of the galactic origin of the ionization component reg-

ponsible for the ammal cycle,

The results of the observations of the critical frequencies

f:_:“n of the F2 layer at night, and of the minimum critical frequencies
f%@z in the early morning hours at Washington, as shown on the top

i

. . . K] . () I

of Figure 2, confirm Eckersley!'s hypothesis, since the maximuim iloni-
zation effect in these layers on a summer night represents a regulaer

phenomenon over the course of every ll-year cycles

- T -
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This phenomenon may be even more sharply emphasized by re=
bresenting in poler coordinates the observations shown in Figure 2,
a8 We have done in Flgure liy and then, after caleulating the monthe
ly means for the noon night and minimum critical frequencies, for

the year, over the entire ll-year cycle, also representing them in

polar coordinates, (Figure 5),
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" This comparative dlagran of the general annual march of the
eritical frequencies, on which the meadmam effect has been taken ‘ i
as uwndty, vividly emphasizes that the anmial=march component, which : |
has & single maximm in Decenber=Jamary, is due to radiation of

nonw-solar origln, since it depends on the march of sidereal time.

Eckersley [5) has suggested that the amplitude of the anmale ‘
fluctuation component of the ionization should be equal to the dif=-
ference between the summeXr and winter jonlzation minima. Having a=
vailable experimental material only for the first nalf of the wlar
cycle, he found, on eliminating the component of seasonal fluctua=
tion, that the mean value of this amplitude was + 20 per cenb of
the level of the mean anrwal value of the secular (11 year) march
in the variation of atmospheric jonizatione

\\j:b PR ov./

Since we nOW\disposalWA more complete materials covering the
whole cycle, (Figure 5), we can now proceed to draw the same CON=-
clusion on the magnitude of the mean amplitude of the annual com=

ponent, in Lhe fluctuation.

Thus one of the components of the general curve (Figure 5)
of the anmual march f'd(Pn (t) is a curve that does not depend on
the ll-year cycle of s%nspo-b variation, with an amplitude * 20 per
cent of the e vel of thab secular cycles Eckersley assumed this

curve to be an ordinary sine-curve, but this is nob entirely corrects

Assuming thab, the anmal variation in the critical frequencies
§ ig dependent, as Eckersley claims, on galactic radiation, that the ‘ I"’
orbit of the carth is a true cirele and thab the stream of galactic
radiation falling on the edge of the earth!s orbit pepresents 2 paral= i

1el pencil, we determine the character of the variation in the noon ]

- 10 -

ST ST

Declassified .in Part - Saniti
- Saniti
ized Copy Approved for Release 2012/04/23 : CIA-RDP82-000:
: - -00039R000200170009-3



Declassified in Part - Sanitized Cop

A
pproved for Release 2012/04/23 : CIA-RDP82-00039R000200170009
™ % e -

eritical frequency for the F2 leyer of the atmosphere during the
course of the anmial period, as the path of a point on & circle
of contracted radius, intimately connected with the earthts orbit A
and rolling, without sliding alorg 2 1ine of constant intensity of ‘
galactic rodiation, This 1ine of constant intensity we teke for

the axis of abscissae and plot on it the time by months of the years

w 108 =

Declassified in Part - Saniti:
anitized Copy Approved for Release 2012/04/23 : CIA-RDP82-00039R
: - - 000200170009-3



Sanitized Cop oved for Release 2012/04/2:

CIA-RDP82-00039R000200170009-3

(Figure 6). Here the cirele of radius ¥ represents the orbit of 1
the earth, If this cirele rolled along the axis of ahsclasae with- '
out, sliding, we would obtain an ordinary cyclodds But il we 1imit
the ammal summer-winter fluctnation in the jonization of the Fa
layer by day, to & 20 per cent which corras'ponds 4o the actwally
ohserved fluctuations in the critical frequencles, it is necessary
4o consider the rolling of a circle with the smaller radiug r2; this

" circle is intimately 1inked with the above-mentionecl circle (the or-
bit of the earth)s The locus of a point Lying on the circumference
of this smaller circle with radius x‘2 as the circle rolls withoubt

) ” sliding, represents a contracted cycloid, or what is termed & tro=
choid, rather than a si:@ curve, as Bckersley assumed in first ap-

proximations

Taking as parameter the angle QOP = gD , which corresponds ]
on
am the axis of abscissae to the segment graversed by the earth during

s rolling along the orbit, we £ind how the ordinate QR, which is

~d
proportional to the value of the frequency fF s varies during the

2
course of a year.

T4 is clear from Figure 6 that

£ = QR = oP = ON
But since

OP = rl, |

i ON =1y cos B

| then
de

-1l = i
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where CP ig an angle proportional to the season of the years

We find the numerical expressions for r and rg on the basls
1

of experimental data.

Rerkner and Wells L], and also Eckersley [81, have estimated
in detail the verious components of the anmal march at atmospheric
ionization. According to FEckersley the amplitude of the component
of anmal flnctuation amounts to t 20 per cent. This figuvre remains
true, on the average, throughout the entire cycle, [hus the radiug

of the omaller cirele r2 will be equal to 042.

L T
~—

Lot o—— o s v om— '\ —
e
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s e s

Nov  Dec Jan Feb March April May June July

Figure 6

The value of r_ 18 equal to the ordinate of the small circle
1
(Figure 6), if it is taken as constant throughout the year. The
component, of anmual fluctuation Ty will very during the course of

the ll-year cycle as shoun. on Figure Te

T fact, the component ry is not constant throughout the 1l-
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year (secular) cycle, and varies proporti.cna’t.ely to the variation

in the mean anmuel value of the critical frequencles.

L)

Fg%
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-30 [ALL months apply to each year)

1933 193L 1935 1936 1937 1938 1939 1940 19k1 19k2 1903 19kh 1915

Figure T
orresponds to the eritical frequency

The value of rl thus ¢

of the secular march, 1le €

el
r wi secular

1 7
¥

Substituting now for the angle (p its value for each month,

of the year, i. €.

0
o 27T - o}
G = =t (30t)

(where t o= l, 2, ceoe; 1-2)3

we shall have instead of (1)s

- 13 -
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= = o °
i - —— / 't
+F7_V QFL%WLAR 0.2 cos (360),
: , (g)

where t = Ly 2, seees 12 corresponds Lo Jammary, February, etce to

Decembers

"
We now proceed to the determination of the semim}‘aal compo=

nent, The second principal component that enters into the general

anmal cycle of variation in the ionization of the atmosphere is

the semiannual componente

1{ we consider from year to year the spiral curve shown on
Figure L, we shall note that as the ll-year cycle of ionization
develops, the individual curves for each year, which at first arve

of ep.i.cycloidal character, change their form, and become deformed

during the winter months (December to Janary) thanks to which

cusps are formed ab the time of the autumn and spring equinoxes.

As the rate of solar activity falls, the annual curves again resume

their original shapee This deformation of the epicycloids, whi.ch

reaches its greatest extent during the time of maximum solar acbl =~
vity, is shown on Figure 8. The observations in Washington and
(Figure 8) clearly

Tomsk in 1937 and in Bukhta Tikhaya in 1939 (7

{1 ustrate these pointse KT)EQ\ ;
T\\O\{ A TN\\ jo—Washington
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Tn additlon to this, study of the catalog of megnetic storms
according to the data of the Slutsk observatory of the period from
1878 to 19LL enables ul to reach the conclusion that there is a sharp-
ly oxpressed gemiannual march of the mumber N of magnetic storms,
with spring and £all maxima (cf. table of distributlion of the number

of magnetic storms by months ).
[See Table on following page )

Figure 9 is a polar diagram of the distribution of the nume
ber of geomagnetic storms, by months, for the period Lrom 1878 to
191Ls The padiug-vector of this diagram is the nunber of magnetic
storms taking place in the given month during the period from 1878

to 191k, while the argument is the time of year.

EC..
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e $
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The construction of this diagram confirms the existence of a
semianmal wave in the curves of geomagnetic activity as wells This

phenomenon, known by ‘the term Gorti effect, subsequently termed Cortim
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Felitsyn effect (after Felitsyn [8) refuted the doubts of Yu, Bartels
ag the exdstence of the effect), arises in consequence of the fact
that the geographlc latitude (breadth) of the earth's equator does
not coineide with the latitude of the sun's equator as we have al=

ready pointed out,

The diagram of magnetlcmstorm statistics (Figure 9) indicates
to the same extent the existence of a definite zonal character in the
active areas on the sun, to the same extent as on the diagrams of at-
mospheric ionization, and confirms the view that the direction of
the stream of solar corpuscular radiation which produces geomagnetic
storms, is primerily normal to the surface of the sun and has a small
solid angle, which according to the investigations of M, N. Gnevishew

and A, I, Ol, 15 equal to 8 or °,

On the lines of radio commnication studied in 19LL according
to the operating data of a number of radio lines, the semiannual
march of geomagnetic disturbance in the ionosphere is likewise stronge
1y reflected, as is well shown in Figure 10. The curves characterize
the operation of the main radio lines under investigation during the

day when the magnetic characteristic is equal to

M= 0, M = 0,5, M > 1. i

ITITTY W MK X AC

MONTHS
Figure 10

w17 =
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The wime, by months in 19LL, is laid off along the axis of
absclgsae, and along the ordinates 18 plotted an expression, in per-

cent, of commnication interrupted equal to

o _ t=T1
K= =100 )

where t is the scheduled operating time, and 1! is the actval time

operateds

These points may be even more clearly illustrated if the curve
M=O (Figure 10) is taken out of the curve for M > 1 and the curve IV
so obtained is plotted on the diagram of Figure 9 (curve K). lere,
by means of sul%bractingg the ordinate of the curve M=0 Ffrom the or=

dinates of the curve M 7 1, we eliminate the influence of the various

factors that interfere with radio communication, other than the in=

fluence of magnetic disturbances in the onosphere.,

The predominance, in all seasons, of ‘the geoactive indices
of solar activity in the corresponding nermisphere of the sun (which
results in the inequality of the ordinates of autwnn and spring
naxima) has been pointed out by Pelitsyn [8) on the basis of a study
of the march of the proninencess We see the same thing in Figure 9
with respect to the number N of magnetic storms as welle The spring
wave of magnetic storms according bo the glutsk catalogue is dominant
over the auntumn wave. The march of the magnetic storms according
to ‘the Sverdlovsk catalogue is shown by dotted lines on Figure 9 as
the mean value of the muber N of magnetic sborms during the four
cycles from 1901 to 1915, The contimous thin 1ine shows the mean

value of magnetic storms according to the Slubsk catalogue.
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Christy and Carrvington [10] firset directed attontlon to the
zonal character of the active zones on the surface of the sun, which
produce the semlannual wave in the march of atmospheric lonlzation
(Fipure 8) and in the moreh N of the number of magnetlc storms (Fgure
9), Subsequently Sporer [11] established his law of the movement
of the active zones during the ll-year cyele, The accwmlation of
new data after the investipations of these astronomers now makes it

possible to construct a diagram (Figure 11), on which the march of

_ po
W o 30
160 4 20
i 120
80 . | | 10
‘ Lo | )
L 10
." 80 10
i 120 / |
0 160 / . 20
W / 30

18l 1855 1865 1875 1885 1895 1905 1915 1925 1935 1015 ¢°

Figure 11 :

the active zones on the surface of the sun are shown, for the 8 cycles
from 1855 to 19L5 by their direction from the high solar latitudes
phi (p O towards the equator, together with the variations in the

Wolf numbers W, This diagram gives a clear idea of the facts that

- 19 =
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the active reglons on the surface of the sun are princlpally located
vetween b and 30° of morth and south latitude: and the maximum UM
per of actlve zones of sunspob formation, on the Average, corrasponds b o
to latitnde 15°, varying in accordance with the intensity of the cycle, : !

within the Limits of 11 to 18° south and north solar latitude (121,

- 20 =

i 5
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Figure 17
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To give a graphic representation of the pleture of variation
¥ in the intensity of solar actlvity throughowt the ll-year eyele,
the dependence of "W" on (pa (solar latitude) is shown in polar .

coordinates on Figure 1R, for the minimum, mean and maximun inten- | ‘1‘

slty of the cycles

The curve W = f(CPo) (Figure 12) may be generalized by an
enveloping curve, known by the term "rose!, expressed as follows

in polar coordinates:

P:eésin(lﬂ@) (\0)

where P is the radius=-vector, varying from = P to & P as n@

varies from O to 360 degrees.

Expression (10) may be transformed into a formula serving

to forecast the Wolf numbers (1) [(1) See the authorts disserta-

tion "On the forecasting of radio communications".)], as follows:
\ M kx
W= W,Sin e, i) .

where

M= p, PRl T Pt |

Here 1+ is the time by year of the cycle, and PO’ Pl’ P2 are

constats determined for each individual cycles

Thus, considering as we do that the existence on the sun of
zones of maximum activity emitting a more or less directional radia-
tion is in&isputable, it is possible for us ‘to propose the following
method of forecasting the semiannual component in atmospheric ioni-
ration ard the senﬁ.anﬁu,al march of geomagnetic disturbance and disruption

of radio communicabions

23
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The dlagran of the ll=year march of r&

ag shown on Pigure 12, L
quence of the symmebtry of i

zones,

of a roge. In conse

pect to the axes of rotation of th

a figure of rotatlon,

is oriented, on the average, towards the angle

oh end north solar 1latitude.
ection of the radiation,

sont

zes the magnitude and dir

the normal o the solar s

enit corpuscular and ultraviolet radiation during

maximan activity (¥igure 13)e

The sunts axis of robtation is inclined to

ptic at an angle ol 7o2 degrecss The Ligure

sunjected to section

ecli
rose around the sunts axis,

be taken in ibs 1lowest part as the paraboloid of

y the following equatbion:

% 2
A +ip——2z=0.

% expressed b

The equation of the plane SO cutbing the

tation abt the angle of 7.2 degrees, and passing

of coordinaltes, ise

- 0050(-0—.%6955/

This plane 1is located
it and coinciding with the diameter of th
the y axis perpendicular to the plane of the

(¥igure 13)s

the maxlmum radiation (radius
= 15 degrees of

This radiuss-vector,

urface at those places which m

=0

diation from the acbive

g represented py the congruent petals

he radiation w.th res=

¢ Sun, uhe petals of the rose form

~vector) of which

which symboli-
coincides with

ost actively

the epoch of

the plane of the
of rotation of the
at this angle, may

rotation with axis

(12)

paraboloid of ro=-

through the origin

(12/)

in such a way that a line lying upon
e ecliptic is Jocated along

upper part of the drawing
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Bouations (12) and (L2v) yield
COS A
2
N (ZPCOSX X) (13)
This is the equation of a cirele whth the origin of coordi=
nates lying on it, md the radius of which s determined by the ex-

pression Q0SS <
Ib cos ¥

and is located along the x axls.

dinates expression (13) takes the following forms

(14)

In polar coor

P - 2 C—OSLP-

The curve presented on the lower part of Figure 13 is a sec-
tion of the northern and southern paraboloids of rotation and is a

lemniscatoid with the Following equation:

Pz ~ 4r%*cos 2Y

This curve belongs to what is termed the class of sinusoidal

for which the general expression is of the form

Pm = Z'tm S\Y\ CrﬂW)

spirals,

If we compare the curves that characterize the march of

the critical frequencies at their maxima (Figure i), and the values

of the march of the number of magnetic storms obtained as the mean

of the data of the Slutsk and gverdlovek catalogs (Figure 9, curve

marke d "mean") with the curve in Figure 13 (lower part), which is

expressed by Equation (15), by superimposing the curves on the same

chart (Figure 1lL), we see thab equation (15) does not accurately cha-

racterize the distribution of magnetic storms

P
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For k\) w 90 degrees or VY = 270 degrees, @ will be ,ero
by Bquatlion (15), while on the diagram (cf. Flgure 9) we have a
value for P , ab these angles, which is not less than 0.56 of
the maximum pecember value of N and not less than 0,57 of the maxi-

mum June critical frequencies.

on the diagram of Figure 1k, besides the lemniscatoid and
the distribubion curve for the magnetic storms, curves velonging
to the same class ol sinusoidal spirals are also plotted == Cassi~
ni ovalse On comparing the surve of distribution of storms with
these ovals it is clear that the distribution of storms (denoted
by dots) can be well expressed by the equation of the Cassini oval,
which represents the locus of points separated from two given
points Fq and ¥y by a constant dislance 1;2 , equal to the pro-
duct of the distance of these two points to the point sought on
the Cassini ovale These given points Fl and F2 are separated from

each other by the disbance 2re

gince (by Tigure 1)

= - (Dl"\— yz_- 207 cos v,

P \

> Lot 2 pr Co° Y

&
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Whence we have, &S the general equatlon of the Cassini ovals)

o= cos 2V iﬁos?-zw%—& (Ie)

The Cassind ovals corresponding Lo the three pasic conditions
Lsy A=r, LY
are plotted on Figure ie

The first case == CUIVE T - is expressed by Equatlon (L6);

yhe second case == curve 11 == is the Bernouwlli lemniscate expressed

9 = *(/‘\’2 cos V¥

by

the third case == curve IIT == is expressed by the equation

0= o cos 2Y A/ Cos?2¥ — Cos® 2

/t’L

where ¥Z ® sin 2% o

on this net of sinusoidal spirals (Migure 1l), we plot the
curve of the annual march of the mea vd. ues Lor the numbeyr of mag-
netic storms ob‘h;;hed by averaging the statistical data published
in the Slutsk and Sverdlovsk catalogs of magnebic storms (Figure

9, curve of mean values)e

Judging by the coincidence of the cuxve of magnevic storms
indicated by dols on Figure 1l, with curve T of the Cassini ovals, »
y it may perhaps be considered that the annual march of magnebic
storms is well described by BEquation (16)e But since we are only w .
interested in the acbual vdues, We shal 1 have, instead of Equation

(16)

Dediassifiod in Part . Sant ’
- Saniti : |
itized Copy Approved for Release 2012/04/23 : CIA-RDP82-00039R000: ‘
- CIA -00039R000200170009-3



Declassified in Part - Sanitized Cop

Approved for Release 2012/04/23 : CIA-RDP82-00039R000200170009-3

N

where the parameter
L
jﬂT—'T—] (A)

depends on the value of L, which is, on & certain scale, proportional
to the secular march of My, the numoer of magnetic storms, which num=
ber is readily determined on the basis of the good correlation of Ny
with the Wolf numbers W (1)[(1) See other paper by the awbhor in this

journal.]

Thus instead of parameter (A) we may write

Jg—.—-—\
= = §>| §>2.

within this parameter, is constant for the correct Cassini oval

The value of

[Equation (17)). The numerical expression for /t may be deter=
mined by the method of quadratic approximation of periodic func-

tions, using trigonometric polynomlalo.
2

Placing, for convenience, = (Figure 1h), ors what amounts

to the same thing, fq - sec 2K , we obtain, ingtead of the expres- ;
W

sion (17)

0052?_\.‘) cos™ 24 Z,COS
py)=p=N \[C‘S o

(18)

e A A AR
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Since (L8) is a real function and applies to all real axes

— @O YL+ 5ng has the perdod 29T, we may start out, in order

to approximate it, from the polvnomtals y

T (W)= g+ Z(amcm MY by Sin MY,

M=

where the coefliclents & and bm are real nunbers,

Regarding the function phi-psi CPQP) given within the period
(-3‘1‘$ Y& IT ) as an integral weight, we set the task of reducing
to a minimum the integral

Sm@w; _ 2] ea), (19)

-7
which by Weierstrass's second theorem [13] approaches zero as n

increases without limite

Tn consequence of the fact that the functions

LW=1, W= cos (¥)  6,L¥) =sin(¥) £,(0)= os 2@

g, (P)=sin 2¥

4.
etc,, form a linearly independent system, it becomes possible as
the only method, to select a system of trigonometric polynomials,
orthogonal within the period (-7, + JC ) with respect to the weight
e(Y).

By means of trigonometric polynomials of first, second and
higher degree, the function £ (\.P) was aligned to the twelve suc-
cessive ordinates corresponding to the months of the year, on the
basis of which it was found that the value /t has a mean value

of 0,78l with a error not exceeding 7 percent,

On substitubing the numerical value of t in the parameter

@ waet in Formula (17), ad replacing the expression P by N

2%
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and v By T we pinelly obteln the following expresslon £or fore=

cagbing the annual march of the nuber oF magnetic gltomms

cos 24 + coa%th"'%*’m -y, (20 “ |

wnere Y = (300)° (b, 23000 1p -- the months of the year)

Tn deriving Equation (207, which defines e annual march of
magnetic glorms, We confine ourselves o the only phys:‘\.cally gxiste-
ing cause that disturvs the smoobth secular march of nagnetic stormns

and i8 responsible for the spring and all maxina.

Bub wé have No right o Limdt ourselves similarly in study-
ing the annual march of atmospheric jonization. While in the case
of magnetic di.sburbances yalcing place a3 the result of non-stabion=
ary phenomend on the surface of the sun, guch as the appearance and
dis.‘xn‘tegration of sunspots in the neig,hborhood of the central
meridian, we still could confine ourselves ©o the mere gtatisti=
cal number N of magnebic storms, b is necessarys in studying the
armual march of ionization, as we have already Se€e€n, Lo take account
of the continuously acting causes that produce variation in the to= ,
4ol amount of yltraviolet and corpuscular radiation {alling on the

earthe

M

T4 will be clear from the foregoing that in considering the ‘
variation in the march of ionization during the course of 2 single i
year, We may confine ourselves to three componentse The annual
component with a maximum in December-Jarmary, has the character

of a grochoid. The gemiannual components with maxima in spring and

2 |
o B‘ \
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fall could be well represented by & cagsinl oval, il it were not

for the galactic corpuscular radiation postuwlated by Becersleys
‘ which changes the shape of the ionization curve from a Cassini
oval into an iplcycloid, as may be seen Lrom Flgure g, which re=- : .
presents the anmual curves of the march of lonization of the layers |
of the ionosphere, averaged over the eleven years of the current
cycle, Finally, the seasonal component, due to the inclination
of the earth's axis to the plane of the ecliptic, has its maxi-

mum in Junee

Tfhe curve ol the seasonal march of ionization, as is clearly
seen for the E layer (cfs Figure 5), can also be classiflied, in
first approximation, as an epicycloids Tror greater reliability in
determining the character of the curves of the general annual march
of the variation of ionization in the upper layers of the atmosphere,
we have represented in megacycles (Figures 15, 16 and 17) the march
of the critical frequencles by years of the 11-year cycle, abt noon,
for the F2 layer (Figure 15), the march of the early morming L nimum
values = half an hour before sunrise —- for the Ty layer (Figure 16),
and the march of the critical frequencies in the B layer at noon
(Figure 17)s To avoid complicating the picture, the whole 11~

year cycle is not plotted on these diagrams. Each cycle, indica-

ted by a spiral, corresponds to a single yealrs "‘j_‘
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FICGURE 20

Tor the analytical determination of the shape of the curves
in general form, we present in Figure 18 the mean values of the an-
nual march of critical frequencies for 1l years {for the F2 layer
(noon, midnight, and the minimum values) and for the E layer (noon

values).

The curves thus obtained recall the cardioid, with its point
Td
of inflection for the curve {-\; 2 @(ﬂ in June and for the other
Z
curves in December (Figure 18), but a cardioid may belong to any of

three classes of curves, epicycloids, sinusoidal spirals, and "he-

lices". The cardioid has a singular point at the origin of coordi-

nates, which also constitutes a point of inflection, This cannot

pepe—

be said, however, of the critical-frequency curves we have derived j
(Figure 18), since the origin of coordinates in this case is the i

isolated point O.

oy
(W Aw S
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—d. We shall first investigate only a single curve, namely

F2 = Qﬁ(t) + This curve doss not possess polar symmetry, inage
much as the value of the criticel frequency in December does not
coinclde with the value in June. But Lif the center be advanced to
Polnt 2 (on Figure 19), then these velues do coincide, We pass
rays through the center 0, joining the points of the curve derived B
thus dividing each ray into the two equal parts b1=b2 (Pigure 19)
and join the points that divide each ray, It then appears that
the locus of these points represents a curve of almost circuler
shape and a dismeter (0-2), equal to 2 megacycles (Figuie 19).
We now find that analytical exression of the values 'FFL which
represents the radius-vector of the curve (19) in polar coordinates.
For this purpose we represent separately, on an enlarged scale, the
central part of Figure 19 (shown separately in Figure 20), where
the circle ol diameter 2r constitutes the above mentioned locus of

the points dividing the rays in half,
J‘ E
We now determine the length of the radius-vector 'Flcz:‘ OL. ]
Since

OL = 2r cos @ +b,

then

=2r Cos @ +b. (2.1)

The curve obtained represents the polar equation of Pescal's
helix, with a center which is an isolated singular point, since b >

2 re
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Tn order to maintain the location of the curves which we

nave adapbed (Flgures 18 snd 19), when the axis of ahsclssee co=-
incides with the spring and {all equlnoxes, We transform expres=

| : glon (#1) as follaows:
=d
£, = 2¢ 5in p+b
T+,

ation (8) that = 30C = Z

Assuming, as in eqw
Pebruary ctc., we shall

where t equals 1,253y sees 12 fox January,

finally obtaint

~d T

E=0¢siny t+b
2

On making a similar study of the curves

- —_™ - _
I = et FpEole) 7= elt)
ibed by the equation of Pascal's

we find that they are also well descI

helix with an isolated singular poindb, nemely's

Tﬁh ) )
"‘FZ“Z‘V\S\ b

i

— LT 4o
£ 2¢, S\ 7] t° 4+ b,

. JL o
v, 8in TL T by,

o
m
i
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The numerical estimatlion of 7, b, T, 1 T2 bay T3 and b3
~ in equations (22), (23), (&h), and (25) for the ll-year summer mean
of the annuel cycle (from 1933 to 19Lk), may be carried out as fol=

lows.

-
on superimposing the radius-vectol 'glpa_r— OL on the axis
of abscissae, which is the 1ine jolning the points of the swmer and

winter solstices (Figure 20), we see thal

- AL = ———ﬂbo

on the other hand,
/

Pr=0A= O———Q‘L A

On substituting for ‘the segnent QL' in these equations the
value of fnax of the critical frequencies in the Fp layer at noon
(for the time of the December solstice), which is proportional to

that segment, and substituting for the segment OM the value of

:CN\Aﬁ T 'EM\;'\ <2'G>
b= — %

fmin, we have

- 'CMH'\

Dr = —b——

A

We obbain similar expressionsb and 2r for the critical fre-
guencies of the Ty layer (night~time and early morning hours), ax
for the critical frequencies of the B layer, with the single dif=-
ference that the maximum values for the frequencies of these layers

will be in June, and the minimum values in December.
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Using the mean values fer the annual march of critical fre=-
i quencies ohserved at Waghington, putting thelr maximum vd ue as

wnity, and applying expressions (26) and (27), we have

. T
Qt =2$m"‘gt+9.
2

ﬁ“ -0.85 Sm%“{—«-q.@Z

- ( T -~ QK
gE - 0345 8in T +322°

0.)

=i
N

2r
042

0
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Here the values for the critical frequencies are expressed
in megacycles. Estimation of the errors, carried out by comparison
of the theoretical curves with the experimental , (Figure 19), shows
the maximum geviation of ‘the radius~vector of the curve of noon vé&
1ues for the FE layer from that obtained by calculation does not

exceed 5 percents

In the general case the following expressions may be used for
forecasting PUrpoOses. In these expressions the mean anual va.ues

for the critical frequenciesy

?.’d

: ™ s and T :
Yoy I e s
¥ ZW T 2W F ZW T

determined by the correlation equations, (1) {1, See other peper by
this author in sameé number of this journal.] have been substituted i

for b, by, P2» by (Formulae (22) ‘o (25) )s 1
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The values of r, r], rp and ry are determined by formula (27
where there is an experimental value for the December value fmax or

the June value L4y

The character of the variation in r, rj, rp and ry during
the past cycle in the areas ol their maximum velues is depicted

on Figures 21~2l.

It may be seen from studying these diagrems that the course
of the curves differ. The variation in the value 2r agrees with
the march of the cycle; the same may be sald of the variation in
ery (Figure 22) and 2r, (Figure 23), but 2ry varies only slightly
with the development of the cycle, The more precise forecasting
ol the critical frequencies is limited by the inadequate ac.umue-
lation of experimental data, which still requires considersble sup-
plementation to render possible the verification and elaboration
of our conclusions.

Section of scientific treatment Received by the editors
of problems of radio technology I June 1947

of the Academy of Sciences USSR
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